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Abstract 
Chondrocytes have been shown to possess two types of histamine receptors, H 1 and H 2. The application of histamine to isolated 
porcine chondrocytes was found to significantly increase intracellular calcium and this increase was partially dependent upon the presence 
of extracellular calcium. This, therefore, implies that there is some role for a plasma membrane calcium transport system in the increase 
of cytosolic alcium in response to histamine. The increase in intracellular calcium in response to the application of histamine was found 
to be reduced by both H~ and H2 receptor antagonists. 
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1. Introduction 
Articular chondrocytes control the formation and break- 
down of cartilage matrix. However, pathological states 
such as rheumatoid arthritis may result in alterations to 
normal chondrocyte function thus leading to destruction of 
cartilage. The breakdown of cartilage in rheumatoid arthri- 
tis is not, as yet, fully understood. There appears to be an 
important role for inflammatory agents uch as interleukin- 
1 (IL-1), bradykinin and TNF-a in the rheumatoid joint 
[1-3]. Histamine, another inflammatory mediator has also 
been detected in increased amounts in the joints of 
rheumatoid arthritis patiems [4] and histamine receptors, 
both H~ and H 2, have been shown to be present in 
articular chondrocytes [5,6]. The role of histamine in acti- 
vating adenylate cyclase via the H 2 receptor has been 
investigated [6] and this system has been implicated in the 
control of proteoglycan synthesis and the secretion of 
keratan sulphate [7]. Stimulation of the H~ receptor was 
shown to increase prostaglandin E (PGE) production [8], 
but not to directly affecl the breakdown of cartilage. 
Instead, it appears to increase the production of proteogly- 
cans and keratan sulphate [9]. Similarly, bradykinin has 
also been shown to increase PGE 2 production in cartilage 
[2]. 
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Therefore, as the H l receptor has been shown to be 
linked to an increase in intracellular calcium via an IP 3 
dependent pathway in other cell types [10,11] the effect of 
histamine upon intracellular calcium in porcine articular 
chondrocytes was investigated. Preliminary results from 
these experiments have been published [12]. 
2. Materials and methods 
2.1. Materials 
Fura-2/AM (acetomethoxy ester) was obtained from 
Molecular Probes (Eugene, OR, USA), ionomycin from 
Calbiochem (Nottingham, UK). All other chemicals were 
obtained from Sigma (Poole, Dorset, UK). 
2.2. Chondrocyte isolation 
Isolated chondrocytes were obtained from porcine artic- 
ular cartilage. The metacarpophalangeal joints were opened 
under aseptic conditions and the cartilage removed. Carti- 
lage slices were collected in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 5% foetal calf serum, 
1% penicillin/streptomycin a d 1% glutamax. Isolated 
cells were obtained by a 13 h digestion using crude 
collagenase followed by filtration to remove undigested 
cartilage and washed three times by centrifugation [13]. 
The isolated cells were then resuspended in DMEM. 
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2.3. Determination of intracellular calcium 
Isolated chondrocytes suspended in DMEM were loaded 
with Fura-2/AM Molecular Probes) at a concentration of
3 p~M for 30 rain at 37°C. The loading was carried out on 
glass coverslips treated with poly-L-lysine (Sigma) to keep 
cells stationary. Cells were then washed three times, to 
remove any excess dye, in the following solution contain- 
ing (mM):180 NaCI, 10 KC1, 2 CaC12, 2 MgC12, 11 
glucose, 10 Hepes, pH 7.4 with NaOH and 385 mOsM. 
This solution was designed to mimic the resting osmolarity 
of cartilage which is typically much higher than that found 
in plasma or synovial fluid [14]. All experiments were 
performed at room temperature (20-22°C) to minimize 
dye leakage. 
The coverslips were mounted on an inverted epi-fluo- 
rescence microscope (Diaphot 200, Nikon) equipped with 
a × 100 oil immersion quartz lens. The light from a Xenon 
lamp (Nikon) was filtered through alternating 340 and 380 
nm interference filters (10 nm bandwidth, Nikon). The 
resultant fluorescence was passed through a 400 nm 
dichroic mirror, filtered at 510 nm and then collected using 
an intensified CCD camera system (Darkstar, Photonic 
Science). Images were digitised and analysed using the 
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Fig. 1. The increase in intracellular calcium over time in individual porcine chondrocytes to different doses of histamine in the presence of external 
calcium, This shows representative results for each dose of histamine from different cells. Experiments were carried out as described in Section 2. The 
arrow in each graph indicates the time at which histamine was applied. (a) 100 ~M histamine; (b) 50 I~M histamine; (c) 10 IxM histamine; (d) 1 IxM 
histamine and (e) 0.1 IxM histamine, 
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Starwise Fluo system (Imstar, Paris) as described in detail 
[151. 
The Ca 2+ concentration was calculated according to: 
[ca ~+ ] = K'[~ E-~m.x-- R ] R  -- Rmi°
where K' is the product of the dissociation constant of the 
Ca 2 +: Fura-2 complex and a constant related to the optical 
characteristics of the particular system, R is the experi- 
mental ratio of F34o/F38 o from which the background 
fluorescence has been subl:racted and Rmi . and Rma x are 
the values of R in the presence of zero and saturating 
calcium, respectively [15]. Rmi n and Rrnax values were 
obtained using the following solutions containing: 150 mM 
KC1, 10 mM EGTA and 25 IxM ionomycin with or 
without 10 mM CaC12. 
A puffer pipette system was used to apply test solutions 
for a brief period = 5 s to isolated chondrocytes plated on 
a glass coverslip. In all experiments he test solution was 
identical to the bathing solution except for the dose of 
histamine used. In all experiments using H~ and H 2 antag- 
onists and those with La :~+ these compounds were also 
present in the bathing solution. This enabled the alteration 
of the immediate xternal environment around a single cell 
without affecting the bulk bathing solution. In some exper- 
iments a second application of histamine was given (Fig. 
lb and Fig. 2c). 
2.4. Statistics 
Results are expressed as the mean + S.E.M. Unpaired 
t-tests were performed using the program STATVIEW. 
Results were considered significant if P < 0.05. Determi- 
nation of the half-maximal concentration of histamine to 
cause an increase in intracellular calcium was carried out 
using the program ENZFITTER (Biosoft, Cambridge, UK). 
3. Results 
3.1. Histamine increased intracellular calcium in isolated 
chondrocytes 
The resting level of intracellular calcium in isolated 
porcine chondrocytes in the presence of extracellular cal- 
cium was 132.2 + 17.0 nM (n = 42). This data was ob- 
tained from pooling the results from all experiments con- 
ducted in the presence of extracellular calcium. The brief 
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Fig. 2. The increase in intracellalar calcium over time in isolated porcine chondrocytes to different doses of histamine in the absence of external calcium. 
This shows representative resuRs for three doses of histamine from different cells. (a) 100 p,M histamine; (b) 10 IxM histamine and (c) 1 p,M histamine. 
Experiments were carried out as described in Section 2. The arrow in each graph indicates the time at which histamine was applied. 
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Table 1 
Maximal increase in intracellular calcium in response to varying doses of 
histamine 
Dose of A[  Ca2+ ]i (nM) in 2 mM A[Ca 2 + ] (nM) in 0 
h is tamine  [Ca  2 + ]0 [Ca  2 + ]0 
(mM) 
100 1154.9± 194.7 (n= 10) 503.6±10.8 * (n=5)  
50 691.1 _ 144.0 (n = 5) 
10 699.1 + 148.3 (n = 11) 409.2± 61.6 (n = 10) 
1 440.0±68.2 (n = 10) 408.1 ±61.1 (n = 10) 
0.1 122±39.1 (n = 10) 
Effects of different doses of histamine upon intracellular calcium in the 
presence of extracellular calcium, The mean rise in intracellular calcium 
in isolated porcine chondrocytes was investigated in response to different 
doses of histamine as described in Section 2. Each value was obtained 
from a different cell. Data are expressed as mean+S.E.M, and the 
number of determinations is given as n. * P < 0.05 as compared to 
control in the presence of 2 mM external calcium. 
application (= 5 s) of histamine to isolated porcine chon- 
drocytes, by the method described above, caused a rapid 
increase in intracellular calcium from the resting level. 
There was some degree of variability in the latency of the 
response of different cells due to the time required for 
diffusion of the test solution. This increase in intracellular 
calcium was not due to stimulation by the flow of solution 
or sheer stress as application of the control solution at 
similar superfusion rates did not lead to a rise in calcium. 
The rise in intracellular calcium was dependent upon 
the concentration of histamine applied. Five different con- 
centrations of histamine were used: 100, 50, 10, 1 and 0.1 
p~M. Table 1 shows the pooled results of these experi- 
ments with data expressed as the mean rise in intracellular 
calcium_ S.E.M. The half-maximal dose (EDs0) of his- 
tamine to cause this increase of cytosolic calcium was 
calculated as 1.73 ~M from these results using the pro- 
gram Enzfitter. Representative experiments ateach of these 
doses obtained from an individual isolated chondrocyte are 
shown in Fig. 1. 
No oscillations in intracellular calcium were observed at 
any dose of histamine. Such oscillations have been re- 
ported in other cell types [10,11] where they are believed 
to result from stimulation of calcium entry by either IP 3 or 
by calcium itself. 
3.2. Removal of  extracellular calcium 
The resting level of intracellular calcium of chondro- 
cytes in the absence of extracellular calcium in experimen- 
tal solutions (these solutions were nominally calcium free, 
ie. without the addition of EGTA) was found to be 128.6 
_ 12.5 nM (n = 28). Histamine application, at doses of 
100, 10 and 1 IxM, under these conditions also led to an 
increase in intracellular calcium. These results are shown 
in Table 1. Representative experiments at each of these 
doses obtained from an individual isolated chondrocyte are 
shown in Fig. 2. The response was reduced as compared to 
the increase in calcium seen in the presence of extracellu- 
lar calcium (Table 1). At a dose of 100 ~M histamine this 
reduction was statistically significant at the 5% level using 
an unpaired t-test. 
3.3. Effect of  La 3 + 
The effect of 2 mM lanthanum chloride, a non-specific 
calcium channel blocker upon the histamine induced cal- 
cium rise was investigated. The resting level of intra- 
cellular calcium in isolated porcine chondrocytes under 
these conditions was 228.0 + 22.5 nM (n = 21). If 2 mM 
lanthanum chloride were present in both the external 
bathing solution and the pipette solution during experi- 
ments the rise in intracellular calcium in response to 100 
IxM and 10 p~M histamine was 728.4_ 146.8 (n = 11) 
and 300.2_ 39.4 (n = 10), respectively. At a dose of 10 
ixM histamine the response was significantly reduced in 
the presence of 2 mM lanthanum in comparison to control. 
At a dose of 100 p~M histamine there was no significant 
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Fig. 3. The effect of 2 mM lanthanum chloride on the increase in intracellular calcium induced by histamine at two doses. (a) 100 IxM (b) 10 I~M. These 
are representative results obtained from different cells, All experiments were carried out in the presence of external calcium as described previously, The 
arrow in each graph indicates the time at which histamine was applied. 
E.R. Horwitz et al. / Biochimica et B iophysica Acta 1313 (1996) 95-100 99 
inhibition of the response. This lack of effect of lanthanum 
in the presence of a higher dose of histamine may reflect a 
difference in the amount of calcium released from intra- 
cellular stores and in the relative importance of calcium 
entry from the extracellular fluid. Representative r sults 
obtained at both of these doses are shown in Fig. 3. 
3.4. Effect of specific histamine receptor antagonists 
As the presence of both H 1 and H 2 receptors have been 
demonstrated on articular chondrocytes, it was necessary 
to determine which receptor type was responsible for 
mediating the observed increase in intracellular calcium. 
Therefore, the response to 100 IxM histamine was investi- 
gated in the presence of varying doses of chlorpheni- 
ramine, an H 1 antagonist, and ranitidine, an H 2 antagonist. 
The results from these experiments are shown in Table 
2. The response to 100 I~M histamine alone (control) was 
taken as 100%. All data are expressed as a % of this 
control response. There was a statistically significant inhi- 
bition of the rise in intracellular calcium in response to 
histamine at every dose of chlorpheniramine t sted from 1 
nM to 10 IxM (Table 2). However, ranitidine only pro- 
duced a significant inhibition at the two highest doses 
used, 10 ~M and 100 I~M (Table 2. Therefore, most of the 
rise in intracellular calcium appeared to be mediated via 
the H 1 receptor pathway, but the H 2 receptor pathway 
may also play a role. 
4. Discussion 
The response to histamine in isolated porcine chondro- 
cytes was similar to that seen in other non-excitable cells 
[10,11]. It has been previously demonstrated that his- 
tamine, via the H 1 receptor system, leads to a rapid 
increase in intracellular calcium. This rise is due, in the 
main, to release from intracellular stores. These receptors 
are coupled to phospholipase C, which catalyses the forma- 
tion of Ins(1,4,5)P 3 and diacylglycerol (DAG). There is, 
however, a component, which is caused by entry of cal- 
cium through the plasma membrane. This could be ob- 
served experimentally in isolated chondrocytes as an initial 
rapid peak followed by a plateau elevation. These two 
phases correspond to the release of calcium and the entry 
via plasma membrane transport systems, respectively. 
In chondrocytes, histamine was capable of inducing an 
increase in intracellular calcium. This increase was re- 
duced in the absence of extracellular calcium thus indicat- 
ing that at least part of the calcium rise was due to entry 
from the extracellular environment. These results imply 
that histamine is capable of inducing both calcium release 
from intracellular stores and calcium entry through the 
plasma membrane in chondrocytes. 
The mode of this calcium entry is not yet known as 
calcium transport systems in chondrocytes have not yet 
been fully investigated. It is known that these cells possess 
intracellular stores which can be discharged by the use of 
thapsigargin [2] and that there is a plasmalemmal Ca 
ATPase [16]. However, the existence of other transporters 
and calcium channels in chondrocytes has not been demon- 
strated. There is indirect evidence from patch-clamp exper- 
iments that calcium channels may be present in chondro- 
cytes (Harvey unpublished ata). There is also some indi- 
cation that these cells may possess Na/Ca  exchange [13]. 
It is possible that the mechanism involved in the entry of 
calcium following the release of internal stores in response 
to histamine, is a calcium channel as La 3+, a known 
calcium channel blocker [17] reduced the response. How- 
ever, these experiments do not rule out entirely the possi- 
bility of another transport system participating in the entry 
of calcium from the external environment. 
In many cell types the application of histamine leads to 
oscillations in intracellular calcium which are believed to 
be due to the activation of a membrane transport system 
either by IP 3 or by calcium itself [ 10,11 ]. However, there 
was no evidence for this in porcine chondrocytes at any 
dose of histamine used. The use of bradykinin to elicit a 
rise in intracellular calcium in chondrocytes did not lead to 
oscillations in the level of intracellular calcium [2] so that 
it is possible that chondrocytes lack transport systems 
responsible for the oscillatory behaviour in other cell 
types. 
The use of specific H 1 and H 2 antagonists in these 
Table 2 
The effect of chlorpheniramine, an H I antagonist, and ranitidine, an H 2 antagonist, onthe increase in intracellular calcium induced by 100 p.M histamine 
[Chlorpheniramine] % response to I00 mM histamine in [Ranitidine] 
the presence ofchlorpheniramine 
% response to100 mM histamine in
the presence ofranitidine 
1 nM 75.7 _+ 2.9 * (n = 5) 10 nM 88.1 +_ 11.2 (n = 5) 
10 nM 54.4 + 9.5 * (n = 5) 100 nM 89.3 4- 28.7 (n = 5) 
100 nM 54.5 _+ 13.1 * (n = 7) 1 mM 94.8 4-_ 19.0 (n = 5) 
1 mM 9.0 4- 3.0 * * (n = 6) 10 mM 27.0 + 8.0 * * (n = 6) 
10 mM 8.1 4- 15.4 * * (n = 6) 100 mM 27.2 4- 5.0 * * (n = 6) 
The response to 100 tzM histamine alone was taken as 100% and all responses in the presence of antagonistswere compared to this, Each value was 
obtained from a different cell. Data are expressed asmean % response to100 I, zM histamine +S.E.M and the number of determinations is given as n. All 
experiments were carried out in the presence of external calcium as described previously. 
* P < 0.05 as compared to control; * * P < 0.01 as compared tocontrol. 
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experiments showed that the increase in intracellular cal- 
cium in chondrocytes caused by histamine was mediated 
mainly via the H~ system as is the case in other cell types. 
This agrees with findings that chlorpheniramine, below l 
IxM, caused a dose related inhibition of the increase in 
PGE production in response to histamine in articular chon- 
drocytes whereas ranitidine or cimetidine had little or no 
effect [6,8]. In the present experiments every dose of 
chiorpheniramine used significantly reduced the response 
to 100 I~M histamine and ranitidine, at doses of l0 and 
100 txM, did have an inhibitory effect so it is possible that 
some of the rise in intracellular calcium was mediated via 
the H~ receptor pathway. There was a marked drop in the 
percentage response to 100 IxM histamine beteween the 
concentrations of 100 nM and 1 IxM chlorpheniramine and 
between l txM and 10 IxM ranitidine. There is evidence 
that in some cell types that H 2 receptor stimulation can 
result in an increase in intracellular calcium [18] and that 
HI receptor stimulation can augment responses to H 2 
receptor stimulation [19]. Therefore, there may be some 
degree of interaction between the two systems in the 
chondrocyte. 
The present experiments contrast with a previous study 
in porcine articular chondrocytes where no increase in 
calcium was observed with the application of histamine 
[2]. That previous study was mainly concerned with the 
effect of bradykinin upon inositol phosphates and intra- 
cellular calcium in cultured chondrocytes. It has been 
demonstrated previously that culture conditions can 
markedly affect chondrocyte phenotype [20] and a number 
of parameters such as membrane potential can be altered 
by conditions uch as cell density in cultures [21]. There- 
fore, as these previous experiments were performed on 
cultured chondrocytes, not on freshly isolated chondro- 
cytes, as in the present study, this may account for the 
different findings. In previous studies it has been demon- 
strated that H~ receptors are present on chondrocytes [6,8] 
and we have also observed similar increases in intra- 
cellular calcium in response to histamine stimulation in 
isolated human chondrocytes (unpublished ata). 
We conclude that intracellular calcium does increase in 
response to histamine in isolated porcine chondrocytes. 
This effect is mediated mainly via the H~ receptor path- 
way, but may also involve the H 2 receptor. This rise in 
intracellular calcium induced by histamine in chondrocytes 
could explain the increased production of PGE 2 and the 
changes in proteoglycan synthesis previously described in 
chondrocytes in response to histamine by others [5,6,9]. 
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